Spatially Resolved Chemical Detection with a Nanoneedle-Probe-Supported Biological Nanopore.
In this article, we describe the quantitative characterization of a gold nanoneedle ion channel probe and demonstrate the utility of this probe for spatially resolved detection of a small molecule using ion channel activity. Our report builds on recent reports of Ide and co-workers, who reported the use of an etched gold wire modified with a poly(ethylene) glycol monolayer as a support for a lipid bilayer and subsequent single ion channel recordings. Although this nanoneedle electrode approach was reported previously, in our report, we investigate the effects of several operational parameters on the performance of the ion channel measurement and electrochemical phenomenon that occur in the nanoconfined space between the supported bilayer and the gold electrode. More specifically, we address the effects of length of the supporting monolayer and the composition of the electrolyte baths on channel current measurements and provide a quantitative description of what carries current at the working electrode (double-layer charging). In addition, we demonstrate the ability to control the direction of protein insertion (tip side vs bath side) with freely diffusing protein, which has not been previously reported, with the former method (tip side) enabling single-molecule detection of β-cyclodextrin (βCD) using a reconstituted α-hemolysin channel. Finally, anticipating future use of a nanoneedle-based biological nanopore probe in a scanned-probe microscopy, we demonstrate the ability to quantify and spatially resolve the concentration of βCD molecules in a microfluidic channel. We believe, in the long term, the described nanoneedle-based biological nanopore probe can be employed in, for example, scanning ion conductance microscopy using ion channels.